The objective of this study was to develop and evaluate an artificial portable fig dryer. The dryer was designed and constructed in the Agriculture Engineering Department, Faculty of Agriculture, Suez Canal University, Ismailia city. Freshly harvested fig samples (Ficus Carica), obtained from a local market were used for the experimental work.
INTRODUCTION
Figs (Ficus Carica) considered one of the most important fruits species in the Mediterranean area. Figs have a great importance in nutrition due to being an important source of carbohydrates. They contain essential amino acids and are rich in vitamins A, B1, B2 and C and minerals and they are well known for their laxative and digestive properties. However, they have high moisture content (approximately 80% w.b.) at harvest; therefore, they cannot be preserved for more than a few days under ambient condition. Moreover, fresh figs are very sensitive to microbial spoilage, even in cold storage conditions; thus, they must be preserved in some way so most of the world production is preserved in the dried form. Dried figs can be eaten as such or served with marzipan, nuts, cream, and pudding.
In Egypt, figs are widely grown in northwest coast and north Sinai. The annual production of fig fruits in Egypt is about 171062 tons, the total cultivated area is about 69865 acre, the fruitful area is about 68425 acre and the productivity per acre is about 2.5 tons/acre (Ministry of Agriculture, 2012) . Most of the production is consumed as fresh at domestic market. Also, figs yield usually shoot up during harvest time thus forcing prices to dramatically fall. Drying of fig at this time can help to reduce price fluctuations while increasing incomes for the producers and losses can also be avoided. Also, drying of figs will improve storability which means that dried fig can be stored for months or even years without appreciable loss of nutrients and it can reduce the bulk weight thus facilitating ease of transportation and storage space requirements.
Sun drying is the conventional method used to obtain dried figs, requiring only low capital, simple equipment and low energy input (Lutz et al., 1987) . However, hot air drying has gained importance because it has many advantages over sun-drying, these include (a) the process is under better sanitary conditions, because of a reduction in contamination by dust and other foreign matter; (b) drying parameters can be accurately set, controlled and changed over the entire processing time, thus more consistently uniform product can be achieved with less quality degradation; (c) drying is not conditioned by rain or weather changes; (d) shorter drying times could be achieved and (e) labor costs are lower. Stamatios et al. (2005) investigated the influence of drying air characteristics on the drying performance of figs (Ficus Carica) . The investigation revealed that the drying kinetics was most significantly affected by temperature while, the air velocity having a limited influence on the drying process. Paine and Paine (1992) stated that, the mechanical drying varies according to the material being handled, but usually involves heated air (with controlled low relative humidity) or passed over the food to be dried. There are numerous types of drier, and many variations on each type. In view of the fact that there have been many studies on the hot air drying of various fruits, studies on hot air drying of figs under Egyptian conditions are scarce in the literature. Therefore, the objectives of this study were (1) to investigate the effect of air temperature, air speed, slice thickness, and pre-treatments on the drying characteristics of figs, (2) to determine the influence of the studied drying parameters on fig quality, and (3) to delineate energy consumption and thermal efficiency of the drying process using the developed laboratory scale heated air dryer.
MATERIALS AND METHODS

Hot Air Dryer Set up
The dryer comprised of three components, drying cabinet, heating unit and centrifugal air fan. As shown in fig. (1) the drying cabinet was made from wood with dimensions of 54 cm long, 34 cm wide and 48 cm high. The cabinet included one drying tray fixed over a plenum chamber of 24 cm high with loading capacity of 1.5 kg. The tray was made of stainless steel screen mesh with dimensions of 50 cm long and 40 cm wide. The drying air was supplied to the cabinet plenum chamber via a PVC pipe with diameter of 5.08 cm. The proportion between the cabinet dimensions and air pipe diameter was chosen to achieve uniform air distribution inside the drying cabinet. The heating unit was used to heat the air before it was bowled to the drying cabinet. The unit consists of an insulated metal box made of iron with dimensions of 40 cm long, 30 cm wide and 25 cm depth, respectively. Five electric heaters of 2 kW each were used as heat source. They were fixed in parallel positions inside the metal box and the cover of the sheet material was installed by brick thermal withstand high temperature and acts as a buffer. The heating unit was facilitated with a temperature control device (precise thermostat and a conductor). The temperature setting on the heater was changed to obtain desired levels of drying air temperature.
The metal box was surrounded by another wooden box with dimensions of 53 cm long, 43 cm wide and 43 cm high. The metal and the wooden boxes were separated with insulation layer filled with 1.5 cm thick thermal wool. Air was blown via the heating unit using a pip made from iron with diameter of 5.08 cm. The pipe part at the distance between the heating unit and the dryer plenum chamber was insulated by 1.5 cm thick thermal wool. A centrifugal fan model (SMB-10, USA) with power of 0.75 Hp was used to pump the air through the heating unit thereby to the dryer plenum chamber. A PVC pipe with diameter of 5.08 cm was used to carry out the air form the fan to the heating unit. The pipe was equipped with a valve to control the air flow rate during the drying process.
Sample Procurement
Freshly harvested fig samples (Ficus Carica), obtained from market during 2010, 2011 and 2012 harvesting seasons were used for conducting the experimental work. The samples were harvested at the end of August at commercial maturity and immediately transported to the laboratory. The samples were cleaned to remove damaged and improper figs. Physical properties, including weight, size, shape, dimensions (diameter and thickness), and number of fruits per kilogram were determined.
Pre-Treatments
Before drying, the samples were pre-treated in order to reduce the non-enzymatic browning and speed up the drying process by improving moisture diffusion through the waxy cuticle layer (Pangavhane et al., 1999; Doymaz and Pala, 2002) . Two methods were applied to conduct the pretreatment (B): the samples were blanched in boiling water for 1 min and cooled to ambient air temperature (33.8 o C) using tap water. The ratio between the blanching water and fruit sample was 9:1 and pre-treatment (C): the samples were blanched by dipping in 1.5 % sodium metabisulfit solutions for 2 min. The pre-treated samples using (B) and (C) methods were compared with those of untreated or control samples (A).
Measurements
During the course of the experimental work, several measurements were conducted, either directly or indirectly, depending on the nature of the measurement itself.
Velocity and temperature of drying air
The velocity of drying air was measured at different points over the surface of the drying tray and the average of the readings was considered using a digital Van type-Anemometer (MT-4005, Korea). The anemometer has measuring range from (0.1 to 30 m/s) and accuracy of (± 0.1 m/s)
The drying air temperature and relative humidity were measured using a digital thermo-hygrometer. The Thermo-hygrometer (Taiwan) measures temperature ranging from -40 to 90°C with an accuracy of (± 0.8°C and relative humidity ranging from 1 to 99 % with an accuracy of (± 3%).
Moisture content determination
The moisture content of the fig samples was determined using the standard method of (AOAC, 1970) . Accordingly, the samples were placed in an electric oven and set at 70 o C for 24 hr. The oven accuracy was ± 1.0 o C. After the samples reached the dry weight, the weight was measured using an electric balance with accuracy of 0.001 g. Then the initial M.C of the samples was calculated on dry basis (d.b).
Fruit weight
An electrical digital balance with a maximum capacity of 150 g and an accuracy of 0.001 g was used to measure the sample weight. The weight of samples was measured just before conducting the drying test and periodically during the drying process (Gikuru and Joseph, 2005) . Rehydration ratio and sugar content
To investigate the ability of the dried figs to re-absorbing the water, rehydration ratio (RR) was determined using a method recommended by (Von Loesecke, 1955) .
While, the sugars content of figs was evaluated according to a method described by Bernfeld (1975) and Miller (1979) . Determination of thermal efficiency of the dryer
The thermal efficiency was calculated using the following relationship according to (Reys and Jindal, 1986 ). As shown in the table, the diameter of the local figs variety "Sultani" ranges from (2.6 to 5.2 cm), the fruit density was 1.2 g/cm 3 and the initial moisture content ranged from 223 to 400% (d.b). The selected fruits for conducting the drying tests were taken to be about 4.8 cm ± 2 mm in diameter. . This means that, as the air temperature increased, the air relative humidity decreased for all levels of heating air temperature. Meanwhile, as the air velocity increased from 0.2 m/s to 1.0 m/s the air relative humidity increased at all levels of heating air temperature due to the decrease of air temperature as a result of lower contact time between the drying air and the heaters. Table ( 2) Effect of drying airtemperature and velocity on relative humidity at different drying conditions.
RESULTS AND DISCUSSION
Physical Characteristics of Fig Fruit
Drying Characteristics of Figs under Hot Air Drying Conditions Moisture content of fig fruits
The change in moisture content of fig samples over drying time under different pre-treatments and different levels of drying air temperature and velocity are illustrated in fig. (2) . as shown in the figure the reduction rate in figs moisture content was increased with the decrease of slice thickness and the increase of drying air temperature and air velocity. Fig. (3) shows the variation of drying rate with the change in moisture content of figs. It can be seen that, the drying rate of figs decreased continuously with the increase of drying time due to the reduction in figs moisture content.
Also, the drying rate was affected by air temperature, when air velocity was constant. After an initial short period of drying process which practically coincides with the heating up period, the drying rate reaches a maximum value and then the product dries following a falling drying rate. The period of constant drying rate came out to be either very small or not to exist at all. For all the combinations of the studied parameters, a typical behavior for fruits drying was detected. This shows that diffusion is dominant physical mechanism governing moisture movement in the figs. These results are in agreement with those reported by (Babalis and Belessiotis, 2004) 
The obtained results also showed that increasing the drying air temperature resulted in decreased drying time, and increased drying rate of fig fruits. However increasing the air velocity decreased the drying time. At a certain level of air temperature, increasing the air velocity decreases the air temperature with slight increase in relative humidity which causes a reduction in drying rate as was expected especially at higher levels of air velocity (over 0.4 m/s).
Final Moisture Content of Dried Figs
The values of final moisture content (M f ) could be acquired from the change in moisture content of figs as related to drying time. The measured values of final moisture content (M f ) are shown in table (3).
In general, the final moisture content (M f ) was decreased with the increasing of drying air temperature and air velocity and it was ranged from14.01 to 14.99 % (d.b) with an overall average value of14.41% (d.b).
Effect of Hot Air Drying Conditions on Fig Quality
Results presented in table (4) demonstrated that the organoleptic properties of dried figs were affected by different drying parameters and pretreatments. The overall acceptability of the dried figs was evaluated by panal test and 20 th tick mark sheets distributed among 50 members for sensory analysis.
Regarding the rehydration process, the obtained results revealed that a lower rehydration ratio was observed for pre-treatment (B) while, higher value was recorded with pre-treatment (C) for all drying tests. This may be attributed to higher drying air temperature and air velocity produced lower final moisture content of the dried figs and higher skin permeability which increase the water absorbability of the dried figs. These results are agreed with those reported by (Mayor and Sereno, 2004) for food materials.
For sugar content of the dried sample it well known that, sugars among several components are considered to be the most important in determining the quality of fruits. The initial concentration of reducing sugar for fig was 67 .55 %. The high damage of reducing sugar was occured by pretreatment (A), while the low damage was occurred by pre-treatment (C). These results may be due to leaching out of sugars in lye solution as reported by (Amin, 1983) .
The pre-treatment (C) of figs was the best pre-treatment which ranks 70-91 degree of overall acceptability of panal test. This may be due to the high rehydration ratio of the samples. Additionally, the dried figs produced by this pre-treatment was also distinguished for light-color and gummy texture. These results are consistent with those reported by (Gabas et al, 1999 for fig drying and Abd El-Aal, 1998 for apricot drying).
According to Notter et al. (1970) , the quality is characterized as follow: Poor: From 40 to less than 50 degree, Fair: From 50 to less than 70 degree, Good: From 70 to less than 80 degree and Excellent: From 80 to 100 degree. 
Thermal Efficiency of Developed Hot Air Dryer
The effect of drying process parameters including, drying air temperature and velocity and sample thickness on thermal efficiency was evaluated at the suitable pre-treatment. The obtained results are presented in table (5). It can be seen from the results that the thermal efficiency was affected by temperature and velocity of drying air. The thermal efficiency increased by increasing the velocity and temperature of drying air. For example, the thermal efficiency increased from 41.10 % to 63.54 % by increasing the air temperature from 45 ºC to 75 ºC at air velocity of 0.2 m/s. Also, at the air temperature of 65ºC the thermal efficiency increased from 57.02 % to 67.44 % by 0.2 m/s to 1.0 m/s. The slice thickness had a slight effect on thermal efficiency. The thermal efficiency at slice thickness of 0.5 cm was higher than that of 1.0 cm. 
